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Abstract 
The aim of the present investigation was to establish the degree to which undergraduates use 
information in graphs inserted into written texts.  
Textbooks typically present graphs as do journals, newspapers, and magazines. Hence, 
university students repeatedly encounter graphs, both in and out of class, and the general 
assumption is that they will develop a solid knowledge base about how to interpret graphs by 
being extensively exposed to them.  
The present study investigated whether undergraduates integrate text information with 
accompanying data graph information and to what extent. The results from 100 students 
indicate that just a minority of the students perform integrative comprehension processes. 
Most of them attempt to obtain the meaning from the text and process graphs shallowly. 
 
 Problems in the integration of text and graphs 
 
Using graphical displays to present quantitative information now represents an 
important component of print communication. This phenomenon is partly due to the recent 
development of software tools for generating data graphics. It is also due to the fact that 
empirical research has demonstrated that text comprehension and learning can benefit 
from graphical displays (Carney & Levin, 2002; Mayer, 2001) by inducing cognitive 
processes such as visual chunking, mental imagery, and parallel processing (Winn, 1987). 
Indeed, pictorial information represents concepts spatially and can therefore provide 
readers with information on how the concepts are related (Winn, 1987) and allow them to 
examine data for trends and effects (Pittenger, 1995). Graphs can also help readers 
reorganize text information (Hegarty, Just, & Carpenter, 1991) by contributing to mental 
model building (Gyselinck & Tardieu, 1999; Schnotz, Picard, & Henninger, 1994) and to 
dual encoding (Paivio, 1971, 1986). As Mayer wrote: “Students learn better from words 
and pictures than from words alone” (p. 63). 
“A picture is worth a thousand words” is a widely used proverb, but a necessary 
prerequisite for a picture or graph to have an effect on a mental representation is that 
readers recognize the usefulness of the picture and spend the time required to process it. In 
brief, although the instructional potential of illustrations is widely acknowledged, it should 
be better investigated how much of that potential is actually realized (Peeck, 1994). In 
fact, recent studies have shown that: students’ understanding of graphs is rather limited 
(Mevarech & Kramarsky, 1997; Shah & Hoeffner, 2002); that text illustrations are often 
undervalued and encoded superficially (Weidenmann, 1994). Even more important is the 
finding that, in some contexts, students do not  carefully examine illustrations because 
they believe they can obtain all required information from the text alone (Paoletti, 2004; 
Peeck, 1994; Winn, 1987). 
  
Types of Instructions 
Peeck (1994) pointed out that simply asking students to pay attention to text 
illustrations is a frequently given -but quite ineffective- type of instruction, because it is not 
specific enough to guide correct reading behavior. She also underscored how more specific 
 instructions can enhance picture elaboration by comparing the performance of three groups 
in her study. She suggested a group of students to pay attention to illustrations by carefully 
checking “which information from the text is depicted in the illustration and how this is 
done”. She presented a second group with illustrations, but without instructions to examine 
them, and a third group received no graphic displays. The participants’ performance with 
non illustrated text content did not differ for the three groups, but the first group (text + 
illustrations + instructions) outperformed the other two groups on questions concerning 
illustrated text content. Moreover, participants who had received no instructions to inspect 
the illustrations later reported having derived their answers mainly from the text. 
Based on the results from the above-cited study and from other studies suggesting the 
positive effects of instructive captions that specify what information to seek in text 
illustration (Reinking, Hayes, & McEnaeney, 1988), we planned an investigation that 
examined the reading behavior of a group of University students.  
We had found in a previous exploratory study (Paoletti, 2004) that readers frequently 
neglect illustrations, even when they are asked to study the material by summarizing the 
information contained therein. We gave to participants learning instructions that directed 
their attention towards the more problematic aspects of the material and which asked the 
experimental groups either to prepare a written summary of the text or to draw a graph 
highlighting the most important information presented in the article. For control group the 
instruction was merely to carefully read the article. Participants’ study protocols and 
written summaries revealed that text and illustrations were processed quickly and 
superficially, and that participants did not fully analyze the quantitative information 
presented in the text and in the graphs. 
The aim of the present study was therefore to obtain insight on students’ tendencies 
when reading required course materials and to establish whether an explicit request to 
focus on quantitative information and on text-graph relationships has a positive effect on 
their integration of information. In addition to a “naturalistic” phase during which we asked 
students to study as they usually do, we gave three increasingly specific prompts (aimed at 
drawing participants’ attention to text-graphs differences) in three successive steps. We 
observed and recorded participants’ behavior, and examined the degree to which 
participants focused on graphs. 
  
Method 
Participants 
Participants were 100 undergraduate students enrolled in the Faculty of Psychology at 
Trieste University, in northeastern Italy. Their ages ranged from 21 to 25 and they all 
participated in the experiment on a voluntary basis. The majority of students were female 
(65%). Half of the students were enrolled in the second year of University (mean age 21.1), 
and half in the fifth year (the last one in Italian University) (mean age 25.6). 
 
Apparatus 
The learning material consisted of a three-page-long text (derived from a Secondary 
school textbook) containing two illustrations. The topic (Ordinary Treasury Bonds - BOT) 
was chosen on the basis of being generally unfamiliar to novices with no prior background 
on the field, but still sufficiently elementary and interesting to students. The first part of the 
text (with no illustration) presented the topic by providing a definition of Ordinary 
Treasury Bonds (BOT) and describing their characteristics. The second part detailed the 
results of two market analyses of the Bank of Italy. The first analysis (described in a half-
page text presented with a line graph) concerned changes in the composition of BOT 
owners over a span of 12 years. The second analysis depicted the changes in different types 
of market-available BOT’s (presented as a half page text with a bar graph).  
The students should read the text and carefully examine the graphs in order to extract 
the relevant information and to detect several text-graph discrepancies (i.e., additional 
information and text-graph inconsistencies), which had been inserted into the material to be 
used as text-graph integration indicators. Specifically, certain information was presented by 
both the text and the graph (redundant information); both graphs presented one piece of 
information that complemented the text (additional information); and each graph presented 
an inconsistency with the text. We used inconsistency detection as a measure of 
integration, given that a prerequisite for testing text consistency is the integration of textual 
propositions and the corresponding section of graph. There were no actual solutions for 
 text-graph inconsistencies, because both types of contradicting information were 
potentially true (Baker, 1985; Garner, 1981; Markman & Gorin, 1981). 
Data were collected from the observations we conducted during the students’ text 
reading. We recorded whether, at what point, and how deeply the students analyzed the 
graphs, as well as the number of prompts they required to correctly perform the analysis. 
We also obtained a text-graph difference “detection” measure from participants’ posttest 
answers. 
Procedure 
We tested participants individually, observed them throughout the experimental 
session, recorded their behavior. They were first given the text and a generic prompt: 
“Please read this text carefully, using the method that you normally use in everyday study 
situations”. Students were then informed that they would be given a posttest after they had 
finished reading. They were allowed to read and re-read the text as many times as they 
wished, with no time limits. They then received a sheet of paper presenting the posttest 
questions. Certain questions could be answered only through text-graph integration (e.g., in 
detecting text-graph inconsistencies). 
At this point, if participant behavior and posttest answers showed that the participants 
had detected the text-graph differences, the session was concluded. Otherwise, a further 
prompt was given “Please re-read the second part of the text, paying attention to the 
quantitative data appearing in the text and in the graphs”, in order to ascertain whether the 
students would manage to establish a new study criterion and identify the previously 
requested differences in the text. After re-reading, we administered a second test. 
When this second prompt did not suffice, more specific prompts were given, including: 
3) “Re-read the second part of the text and identify what information is presented by the 
text, by the graphs, or by both” and 4) “There are some inconsistencies between the text 
statements and the graphs, and some information is depicted only in the graphs. Please find 
them all”. 
The general aims of the prompts were: a) to observe the students’ spontaneous study 
methods, b) to discover whether the students habitually integrated text and graphic 
information, and c) to create a series of increasingly specific cues that would reveal the 
 minimum level required for each participant to perform deep material analysis targeted at 
the specific goals of processing and learning the quantitative information.  
 
Results 
As mentioned previously, the text and graphs were rather densely “packed” with 
information. In fact, a brief glance at the graphs would have given only a general idea of 
their content, but would not have allowed for the detection of text-graph differences. Only 
a careful reading of the text and careful inspection of the graphs would have made it 
possible for readers to detect the additional information and inconsistencies. 
Table 1 shows the number of prompts participants required to detect the text-graph 
differences, for younger students, older students and in general. 
 
Table 1 
Table 1 Number of prompts required to detect text-graph differences 
 1
st
 prompt 2
nd
 prompt 3
rd
 prompt 4
th
 
prompt 
Second Year 3 42 5 0 
Fifth year 9 33 6 2 
Tot.  12 75 11 2 
 
Table 1 Number of prompts required to detect text-graph differences 
 
These frequencies represent the number of students who required one, two, three, or 
four prompts to analyze text-and-graphs and to detect the differences. Although the number 
of older students who detected the inconsistencies at the first prompt was slightly higher, 
difference between the groups was never significant. 
Results do not suggest a strong propensity on the part of our participants to 
spontaneously activate deep processing and to think critically. Only 12 students 
spontaneously performed exhaustive processing of both text and graphical information and 
 immediately identified at least part of the inconsistencies and additional data. They did so 
with no specific request to process the graphs, allowing us to presume that the integration 
of text and graph is a normal part of the study process for 12% of our student sample. 
Yet, most students required at least two prompts. Seventy five students needed an 
explicit request to pay attention to the quantitative data contained in the text and in the 
graphs before they achieved text-graph integration. In fact, although most of them had 
looked at the graph during the first reading, their graph processing tended to be shallow 
and did not suffice to respond correctly to posttest questions on the first trial. Once their 
attention had been directed toward the graphs, however, two positive results were obtained: 
1) the prompt itself sufficed to have participants focus on the graph and 2) most 
participants were then able to understand the graph and to perform the integration. The 
second prompt did not suffice, however, for another 13 students who required further 
prompting that specifically pointed out the existence of text-graph differences. Specifically, 
11 of these had to be asked to detect which information was presented by the text, by 
graph, or by both (Prompt 3), and another 2 students required Prompt 4, which specifically 
told participants that there were inconsistencies between the text statements and the graphs, 
that some information was depicted only in the graphs, and that participants were to 
identify the differences. 
 
Discussion 
This paper presents descriptive results from a study regarding the extent to which 
undergraduates examine material presented in graphs and supporting explanatory text in a 
careful manner. It documents that students, in the absence of multiple prompts, are prone to 
make cursory analyses of such material. 
Text-with-graph comprehension should be an incremental process that relies on 
frequent switching between text and graphs and continuous attempts to integrate the 
information (Hegarty, et al., 1991). In our investigation, just 12% of the students 
spontaneously performed this integrative comprehension process, but the remaining 88% 
of the students limited their involvement during the first reading to processing the written 
part of the article. In fact, they failed the posttest and had to be explicitly asked to analyze 
the quantitative information before they were able to deeply analyze the graphs. After the 
 second prompt, however, most of these students were able to successfully analyze and 
compare the text and graphs.  
These results confirm previous exploratory research findings showing that it is the text 
that guides the comprehension process (Paoletti, 2004). However many textbooks and 
articles use graphs to present research’s results. Therefore the ability to carefully examine 
graphs and supporting text is versatile and is germane for teachers of many courses. 
Although graphicacy is believed to be as important as literacy, little is currently done 
to directly instruct students in creating and interpreting data graphs (Peden & Hausmann, 
2000), and, more generally, in teaching students to carefully examine graphs, so they can 
adequately process them. Moreover, Statistics and Research Methodology textbooks 
usually teach little about graph interpretation techniques. Textbook writers should consider 
these problems, not only by using graphs to create redundancy (by inserting graph data in 
the text) so as to ensure data processing, but also by inserting appropriate prompts in texts 
to increase attention focused on accompanying graphs. 
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